C ut sunflowers are desirable and available nearly yearround (Nau, 2011) but are especially popular in the fall and summer months (Wien, 2009b; Yañez et al., 2012) . Sunflowers are quite popular as fresh cut flowers yearround, largely due to the array of colors and growth habits now available (Dole and Wilkins, 1999; Nau, 2011) . They are also easy to grow from seeds and have a relatively short cropping time, 60 to 70 d, depending on the cultivar (Armitage and Laushman, 2008) . These characteristics make sunflowers an ideal niche, locally grown crop for greenhouse crop producers who, particularly in Wyoming, may be a state away from a cut flower wholesaler.
The potential for year-round production of cut sunflowers has been investigated in other states and countries such as Hawaii (Criley, 2007) , New York (Wien, 2006 (Wien, , 2007 (Wien, , 2012a (Wien, , 2012b , Italy (Gimelli et al., 2003) , The Netherlands (Blacquière et al., 2002) , and Japan (Hayata and Imaizumi, 2000; Yañez et al., 2004 Yañez et al., , 2005 . Studies concerning yearround production are of interest because, although many cultivars are day neutral, photoperiod may affect flowering of some cultivars (Hayata and Imaizumi, 2000; Wien, 2006 Wien, , 2007 Wien, , 2012a Wien, , 2012b Yañez et al., 2004 Yañez et al., , 2005 . Although studies on year-round sunflower production have been conducted in other regions, they took place under climatic conditions quite different from those found in the Rocky Mountain west; local climate has been shown to be a major factor in cut sunflower production (Ferguson et al., 2012; Fernández-Martinez et al., 2009; Schuster, 1985) . In fact, many of these studies, with the exception of those done in Hawaii and Italy, were conducted using photoperiodic lighting. Because of Wyoming's elevation, high intensity sunlight is abundant [average elevation 6700 ft (Western Regional Climate Center, 2014)] and growing under our natural light conditions could be beneficial to growers who do not have access to supplemental and/or photoperiodic lighting or as a way to conserve energy and save on production costs.
The objective of this study was to quantify the changes in stem length and days to harvest in three sunflower cultivars grown continuously over a 14-month period of time in a greenhouse production system that can be easily integrated into the current capabilities of the majority of Wyoming greenhouses, many of which are not currently producing cut flowers and may not have access to cut flower benches or lighting capabilities.
Materials and methods
Greenhouse experiments were conducted at the University of Wyoming Laramie Research and Extension Center greenhouse complex in Laramie, WY (lat. 44°45#30$N, long. 108°46#36$W, elevation 7200 ft). The section used in these studies contained mesh growing benches oriented east-west and aligned from north to south. The temperature set points were 70/60°F (day/night). Plants were grown under natural light and daylengths to better understand their normal growth characteristics under our natural light conditions.
Environmental data were collected from 6 Mar. 2012 to 11 Apr. 2013 using pendant temperature/ light data loggers (64K-UA-002-64 HOBO; Onset Computer Corp., Bourne, MA) placed 52 cm above the surface of the bench to track variations in light intensity, photoperiod, and air temperature. Environmental monitors were placed in the center of each one of the seven bench locations in the greenhouse; the southern bench contained five data Table 2 . Mean days to harvest and stem lengths of sunflowers by cultivar and seed sow date as recorded in a greenhouse in Laramie, WY. Means were calculated using a randomized complete-block design two-factor factorial analysis of variance where one factor was cultivar and one factor was sow date. Photoperiod was recorded throughout the duration of sunflower production (from sowing to last harvest) for each sow date.
Sow date
Photoperiod ( Means with different letters within columns are significantly different at P £ 0.05 using Fisher's least significant difference test.
744
• December 2014 24(6) on a misting bench with temperatures set at 70/65°F (day/night). Misting was controlled with an automated clock system (Solar 3B; Schaefer Ventilation Equipment, Sauk Rapids, MN). The mist system was set to trigger on for 20 s for every 20 solar units collected where one solar unit is equal to 0.02 MÁm -2 . Extra seeds from a fourth cultivar, Sunrich Gold (Harris Seeds), were sown on the same schedule and were used as edge rows.
Three deviations from this schedule occurred on 19 Sept. 2012 , 3 Oct. 2012 , and 17 Oct. 2012 . Rodent damage prevented the successful germination of seedlings from these sowings so revisions to the schedule were made. The first two sowings mentioned were not replanted due to failure to eliminate rodent problems, whereas the last sowing was replanted on 23 Oct. 2012. Sowings resumed as per the original schedule on 31 Oct. 2012.
Fifteen days after sowing, seedlings were transplanted into 550-mL square plastic pots filled with professional grower's mix (Metro Mix 900; Sun Gro Horticulture Canada, Vancouver, BC, Canada). Four replications of four plants each were used per cultivar per sow date. Replicates were blocked from north to south on each growing bench to eliminate variation due to light levels across the bench. Consecutive plantings were arranged east to west on one of seven designated locations across the two greenhouse benches used in this study; planting locations 1 through 5 were on the south bench and 6 and 7 on the north bench. Cultivars from a given sow date were randomly arranged within each bench location. An edge row of 'Sunrich Gold' was placed around the entire perimeter of the greenhouse benches to mitigate edge effects.
Growing-on methods were similar to those recommended in Nau (2011). Plants were watered by hand twice daily, until water drained from the bottom of each container. Fertilization occurred 13 d following transplant, upon the development of the second set of true leaves, with a topdressing of 2.5 g of 15N-4.4P-9.9K controlled-release fertilizer (Osmocote Plus 15-9-12, 5 to 6 month release rate; Scotts MiracleGro Co., Marysville, OH).
Plants were staked 13 d following transplant using a bamboo stake and plant ties. Additionally, the plants were supported by a double layer of plastic floral caging. The caging was raised throughout the study to ensure sturdy, straight stems (Armitage and Laushman, 2008; Dole and Wilkins, 1999; Nau, 2011) .
Flowers were considered ready for harvest after all of the ray florets were open but before the disk florets were open (Dole and Wilkins, 1999) . Sunflowers were harvested about every other day. Stems were cut at soil level, and days to harvest and stem lengths were immediately recorded. Stem length was measured from the soil level to the base of the receptacle.
Experimental design was a twofactor factorial analysis of variance set within a randomized complete-block design. The two factors were sow date (27 dates) and cultivar (three cultivars). To determine if there was a relationship between stem length (response) and days to harvest (explanatory Fig. 1 . Time to harvest of three cultivars of greenhouse-grown fresh cut sunflowers (Dafna, ProCut Bicolor, and Sunbright Supreme) over a 14-month period in Laramie, WY. Data were analyzed using a one-factor analysis of variance.
• December 2014 24(6) variable), linear regression analysis was used. Only sunflowers of saleable quality were used in data analyses. We determined saleable stems to be at least 40 cm as there are no industry standards for sunflower stem length. Standards are typically set by growers, buyers, or both (J.M. Dole, personal communication). Any distorted or misshapen flowers were excluded as well. Saleable yield was calculated by dividing the number of harvested stems by the total number planted of that cultivar. Data from 16 Nov. 2011 to 12 Dec. 2012 biweekly sow dates were used in the analysis. First harvest occurred 6 Mar. 2012 and last harvest was 11 Apr. 2013. Light and temperature were analyzed in a one-factor analysis of variance where the factor of bench location was tested to determine the effect on either temperature or light. All statistical computations were facilitated using SAS (version 9.3; SAS Institute, Cary, NC).
Results
Some significant differences in temperatures were found among the seven data logger locations likely due to the large number of data points collected over 14 months (Table 1) . Light readings recorded by the data loggers over the same time frame were significantly different among the seven locations as well (Table 1) . The lowest readings came from data logger no. 7, which was on the northern of the two benches used, toward the west side.
Saleable yields for each cultivar overall were 89% for Dafna, 91% for ProCut Bicolor, and 91% for Sunbright Supreme (data not shown).
There was a significant cultivar by sow date interaction for both days to harvest and stem length ( Table 2 ). The divergent results from 'ProCut Bicolor' were the cause of the significant interaction between cultivar and sow date for both days to harvest and stem length as 'Dafna' and 'Sunbright Supreme' showed similar tendencies over the 14-month trial period (Figs. 1  and 2) .
Across all sow dates, mean days to harvest ranged from 57 d ('Sunbright Supreme') to 103 d ('ProCut Bicolor'). Mean stem lengths ranged from 43 cm ('Dafna') to 153 cm ('Sunbright Supreme') ( Table 2 , Figs. 1 and 2) .
The fewest average days to harvest occurred in late January through February for 'Dafna' (58-60 d) and for 'Sunbright Supreme' (57-59 d). 'ProCut Bicolor' had the fewest average days to harvest from mid-June through mid-July sowings (64-67 d). The greatest average days to harvest for 'Dafna' was from a May sowing (89 d). 'Sunbright Supreme' had the greatest number of days to harvest from sowings that occurred in early April through early May (88-90 d). 'ProCut Bicolor' had the greatest number of days to harvest in late October through November (101-103 d) ( Table 2 , Fig. 1 ).
'Dafna' and 'Sunbright Supreme' both had the tallest mean stem lengths from a sowing that took place in April. For 'Dafna', the tallest average stem length was 133 cm and for 'Sunbright Supreme,' the tallest average stem length was 153 cm (Table 2, Fig. 2) . 'ProCut Bicolor' had the tallest average stem lengths from sowings that occurred in Fig. 2 . Stem lengths of three cultivars of greenhouse-grown fresh cut sunflowers (Dafna, ProCut Bicolor, and Sunbright Supreme) over a 14-month period in Laramie, WY. Data were analyzed using a one-factor analysis of variance; 1 cm = 0.3937 inch.
February, April, and September (140-143 cm). The shortest average stem lengths for 'Dafna' were from sowings that took place in October through December (43-56 cm), 'Sunbright Supreme' had the shortest average stem lengths from October and November sowings (51-54 cm), and 'ProCut Bicolor' had the shortest average stem lengths from sowings that took place in July, August, and November (88-92 cm) (Table 2, Fig. 2) .
For 'Dafna' and 'Sunbright Supreme,' days to harvest moderately predicted stem length (Fig. 3) . However, days to harvest did not predict stem length for 'ProCut Bicolor' (Fig. 3) .
Discussion
The statistically different temperatures recorded were most likely not biologically important (Table 1 ). The average difference among the seven data loggers was only 1.3°F, indicating little temperature variation between the two benches and seven data logger locations.
Light levels were also significantly different among the seven data logger locations. The lowest average readings were recorded by no. 7, which was the northwestern growing location. There is the probability this particular data logger was shaded by other nearby plant material more so than the other six data loggers.
Significant interactions between time of year and cultivar for stem length and days to harvest were likely associated with changing photoperiods and the different responses to photoperiod displayed by the three cultivars. Different responses of sunflower cultivars to photoperiod are well documented (Blacquière et al., 2002; Gimelli et al., 2003; Hayata and Imaizumi, 2000; Schuster, 1985; Wien, 2009b; Yañez et al., 2004 Yañez et al., , 2005 Yañez et al., , 2012 .
Data collected on 'Dafna' and 'Sunbright Supreme' stem lengths are consistent with the research conducted by Wien (2012b) that showed these cultivars to be facultative short-day crops. During short days, these two cultivars had the shortest stem lengths and the fewest days to harvest. The response of 'ProCut Bicolor' to ‡16-h photoperiods also followed the conclusions from Wien (2012b) . This cultivar displayed a facultative long-day response with the most days from sowing to harvest for harvests with photoperiods meeting or exceeding 16 h. The stem length of 'ProCut Bicolor' was not strongly influenced by photoperiod.
Days to harvest for all three cultivars exceeded those reported by Wien (2012b) . Days to harvest exceeded those reported in Wien (2012b) by 13 d for 'Sunbright Supreme' and 35 d for 'ProCut Bicolor.' Also, stem lengths in our study were shorter for ' Dafna' and 'ProCut Bicolor' than Wien (2012b) . Our photoperiods were not controlled and were not exactly 12 h or 16 h, which may help explain variations in days to harvest and stem lengths between our study and Wien's (2012b) . Furthermore, the differences may be attributed to differences in climate between New York and Wyoming.
While some of the shortest stem lengths and days to harvest for 'ProCut Bicolor' are from long-day photoperiods, the high amount of variability within the same photoperiod suggests that there are other factors besides light that determine the growth habits of this cultivar, more so than Fig. 3 . Scatterplots of linear regression relationship between days from sowing to harvest (explanatory variable) and stem length (response) for three cut sunflower cultivars (Dafna, ProCut Bicolor, and Sunbright Supreme) grown over a 14-month period in a greenhouse in Laramie, WY; 1 cm = 0.3937 inch.
in 'Dafna' or 'Sunbright Supreme'. The high amount of variability in the production of 'ProCut Bicolor' in terms of stem length was also observed in year-round studies conducted in Hawaii (Criley, 2007) . Variability could be explained by the findings from Wien (2009a) that 'ProCut Bicolor' is only 'slightly sensitive' to long days (Wien, 2009a) . As in this study, Criley (2007) was not able to attribute variability in this cultivar to light. Criley (2007) determined that irrigation played a large factor in affecting stem length and days to harvest. During this study, especially in short-day photoperiods, containers of 'ProCut Bicolor' seemed to dry out more quickly than either 'Dafna' or 'Sunbright Supreme'. It is possible that the variability in days to harvest and stem length was caused by the high potential for water stress due to root bound conditions. Pallez et al. (2002) hypothesized that sunflowers in containerized production can dry out quickly and affect sunflower height. The variability in stem length within photoperiod did not seem to be as great in 'Dafna' or 'Sunbright Supreme'; therefore, results could also be attributed to the idiosyncrasies of the cultivars.
Conclusions
Cultivars Dafna, ProCut Bicolor, and Sunbright Supreme were successfully cultivated year-round in a greenhouse environment in Laramie, WY. Unlike other studies of cut sunflowers where photoperiod was tightly controlled, we were able to elucidate variations in days to harvest and stem lengths under natural light conditions in the Rocky Mountain west. This study indicates that there is promising potential for the year-round production of fresh cut sunflowers using containers in the Rocky Mountain states, which can easily be integrated into virtually any greenhouse operation. However, there were marked differences in terms of days to harvest and stem length throughout the year. 'Dafna' and 'Sunbright Supreme' displayed a facultative short-day response, whereas 'ProCut Bicolor' showed a slight facultative long-day response. The different tendencies of these cultivars in terms of days to harvest and stem length mean that careful cultivar selection throughout the year is essential to maximize production efficiency and profit margins for growers who do not have access to or choose not to use photoperiodic controls. For example, a grower may choose to take 'ProCut Bicolor' out of production during the winter months due to its long time from sowing to harvest. Growers may also choose to use supplemental or photoperiodic lighting during some times of years to maximize the production of certain cultivars. Ultimately, the best production practices and cultivars for an operation will be dictated by the needs and markets of the individual operation. The results of this study can provide guidelines for producers to choose cultivars and production practices that best fit their businesses.
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